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ANALYS IS OF WING INTESPAR BVU .ADS

LEADING EDGES AND TRAILING EDGE

GENEAL TRODU2T ION

The purpose of this report is to analyze the
center section wing box bulkheads the trailing
edge and the leading edge of the hB-36 Airplane.
Due to the simi.arity of the B-36 and the XB-36
wing the YB-36 and B-36A Bulkhead Analysis, Report
Fz8-36-142 will be used as a guide in the preparation
of many sections of this report.

"The design conditions are based on the XB-36
with the one wheel main landing gear except for the
landing gear bulkheadS (5, 7, 8 and 9) and the in-
board section of the wing trailing edge which are
analyzed using loads obtained with the XB-36 four
wheel main landing gear. Ref. ACA 269A.

_-----o•: • -- LL L1~S C~•zgn• z •fey for the structure

(wing bulkheads, trailing edge and leading edge)
analyzed in this report appear on page 2.
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WING CENTER SECTION

BU LKHTEAD ANA LYS IS

INRODUCTI•O1

The wing center section bulkheads are of the follow-
ing type of construction:

1. Web type (semi-tension field)
2. Truss type
3. Combined web-truss type

Typical critical bulkheads of all types are analyzed
either completely or by comparison with the B-36A analysis.
Bulkheads #3 and #13 are typical truss type airload bulk-
heads. Bulkhead #19 is a typical truss type flap load bulk-
head. Bulkheads #11, #16 #18, #22 and #23 are typical fuel
wall, engine mount support and Jack point bulkheads. Bulk-
heads #5, #7, #8 and #9 are landing gear support bulkheads.
BulPkhead #0 and #10 require a special analysis due to the
nature of their loading.

The chordwise airload distribution for bulkheads 3
13, 19, 22 and 23 are tabulated on pages 6 through 10, wh5le
air loads for bulkheads 10, 11 and 18 are obtained from B-36A
data. The upper and lower 3urface chordwise pressure distri-
bution values are obtained from Figures 1.1 through 1.8,
psgq T-12 PZS-!6-142. A detailed explanation of the chord-
wise pressure distribution La1eul1tion= I given • 1-,
of FZS-',6-142.

The properties of the various materials used in the
wing structure are obtained from C.V.A.C. Structures Bulletins
B-I, B-29 B-3, and from ANC-5.

The column allowables for truss tubes are obtained
from page 1-61, FZS-36-142.

The bulkhead loads due to the 1AA and ILAA minimum
flying weight conditions will be larger for the XB-36 than
for the B-36A. The gust criteria used in the two airplanes
is not the same.

B-36A, (LAA) 1+ 5KlaVo--X

XB-36, n * 1 +SKaV
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where K = 2K1

at the .5,n0c't 1'vel

.8616 = .9285

then

B-36A, n = i + SKlaV x .9285
(LAA) W/S

+ ÷ 6K aV x .4k6
XB-1

X-6, n(,,.,) =W/S

This gives an increase of factor for the XB-36 in the
IAA condition of approximately 8% for the same speedand G.W.

Bulkhead loads imposed by landing loads are directly
proportional to the landing gross weight therefore, the bulk-
head loads for the XB-36 DGW landing condition will be

.95 of the B-36 loads.

7W 444 6"46 UTILITY REPORT SHEET
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I !!T ODUCTT 0 1,1

The structure of Bulkhead #0.0 for the XB-36 is
identic-1 to that used for the B-,6A. All design loads
for both airlanes are determined from wing stresses and
bending moments. The distribution of these loads is simi-
lar for corresponding XB and B-'6 conditions. Since the
bulkhead web shears and flange loads are proportional to
the wing bending stresses for corresponding conditions,
it is expected that web shears and flange loads will in-
crease by the averege percentage difference of the XB-36
over the B-16A stresses. Table .Z , page /9 will
show 10% to be a conservative estimate of this increase.

All webs, flanges, web splices and web flange attach-
ments have margins appreciably in excess of 10% and it is
therefore felt to be unnecessary to reanalyze these items
for the XB-36 Airplane.

Some of the vertical stiffeners have low margins

of crushing loads, a quantity that varies as the square of
the wing bending moment,'all the stiffeners will be check-

xt' Trn~ methods ind nssaunitions
used will be the same as fur ulidi M: ... .

Alrp ane. e -

The following condition impr&tU :ritical stiffener
loading:

R.G.W. 2267730# (72-1000# Bombs) L.A.A. C" 5000'

Note: This airnlane configuration also produces critical
stiffener loads for the B-36A Airplane.
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'1IING BULMAD STA. 10

D ISCUSS ION.•

The bulkhead structure at wing Sta. 10 is the
same on the B-36A and XB-36. This bulkhead is de-
signed by the stiffness required to stabilize the
plate stringers. (Ref. FZS-36-142, P. 1-125).

The critical, conditions are, those giving max-
imum stringer loads "P" Cond. I; Alternate Gross
Weight, 265, 000#, (72-1000# Bombs) H.A.A. @: 50001 and,
Cond. II; Design Gross Weight, 265,192#, L.A.A., H.S.
C, 5000'.

The values for "P" (stringer load in lbs) crush-
ing loads, and aarrlaaQ5 ?il. -
On the - Pcr (OrifitcJal 6trlnger .'io for two bay
length) remains unchanged for the XB-36 since it is a
function of stringer stiffeness and column length. "P"
is ratioed in proporbLuii Lo the -espeCtLva bending mo-
ments. The cr_ lhnog loads are dIrectly proportional
as the square of the bending stress, therefore will be
ratioed in proportion to the square of the bending
moment ratio#. The air load will be ratioed in pro-
portion to the total airload.
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INTRODUCTI ON

Wing bulkhead #3 of the XF3-36 is structurally similar
to bulkhead #3 of the B-36A; therefore, the description of
the bulkhead and the method of analysis given on page 1-154
of FZS-36-142 applies to the XB-36 bulkhead.

The critical loading conditions for bulkhead #3 of the
XB-36 Airplane are:

I. D.G.W. (265,192#) ILAA @ 5000'

II. A.G.W. (72-1000# Bombs) HAA P 5000'

III. L.G.W. (72-1000# Bombs) IAA A 5000'

_ Ii
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INTRODUCTION

For all practical purposes Bulkhead #l1 of the
XB-36 is the same as Bulkhead f#l3 of the B-36A. A
detailed discussion of the location, purpose, and
method of analyzing Bulkhead #13 is given on page
1-206 of FZS-36-142.

A survey of design conditions resulted in the
selection of three flight conditions as critical
conditions for the design of this bulkhead:

1. D.G.W. IAA C 5000'

Ž. D.G.W. ILAA C-5000'

3. R.G.,7. (72-lC1OO# Bombs) LAA ( -)000'

This analysis includes:

1. Analysis of truss & their end
attachments, Ref. page F6

2. Chord member analysi; which is
accomplished by comparison with
B-36A data.

3. Intercostal analysis; by use of
B-36A data.
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BUNOAN #12(360119)

Bulkhead #19 is a truss type bulkhead located 615.375
inches from the airplane center line4 It is similar to
Bulkhead #19 in the B-36A analysis except for slight differ-
ences in the truss tube end connections, truss tubes, and
Bear Spar Vertical. The method of analysis is the same as
that used for the B-36A (Ref. FZS-36-142, p. 1-2641 1t-342).

A study of the B-36A critical conditions shows that a
check of two conditions for the XB-36 analysis will be
adequate.

I. DGW - FDLGE (Flaps Down Landing Gear Extended) o'e4 Xeo

II. RGW - 72-1000# Bombs - FDLGE a vLs"

The third and fourth conditions used in the B-36A
aanalysis (Ref. above ), RGW-12(4000# Bombs) - (AAs p 5000 ft.
and RGW-12(4000# Bombs) - ILAA• @ 5000 ft. desigh the lower
chord and intercostals; since the M.S. are high on these
members the B-36A analysis will be referred to for this por'-
tion of the analysis.

This analysis consists of a tube analysis, check of
the critical tube end and critical tube end tiei analysis
of upper chordi and an analysis of the rear spar vertical
member.
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line of the airplane serves the function of introducing
air, inertia, flap fitting, and Jack fitting loads into
the wing. The bulkhead also acts to stabilize the plate-
stringer combination- and serves as the outboard end of
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Bulkhead #22 (Ref. 36W122) for the XB-36 is essen-
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the B-36A. The same conditions that were found critical
for the B-36A bulkhead are also critical for the XB-36
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BULMEAD #22

DETAIL ANALYSIS

Web Analysis

The critical bulkhead shear occurs in
Condition: II - D.G.W. - Jacking

The Jacking loads vary directly with the weight
of the airplane, assuming no appreciable change in air-
plane c.g., and as the DGW for the XB-36 is less than the
DGW for the B-36A, the Jacking loads will be less for the
X-B-36. Margins of safety for the bulkhead web web attach-
ments, and web splice are all greater than 1004 for the
B-36A. (Ref. FZS-36-142, P. 11-177 to 11-180). XB-36
margins of safety for the web, web attachments, and web
splice may be conservatively obtained from the foregoing
reference.

Stiffener Analys is

Stiffeners in Engine Oil Tank Area

XB-36 bulkhead stiffeners in the engine oil tank
area are designed to the same test pressure as B-36A stiff- '

Vertical Stiffeners in Fuel Tank Area

The vertical stiffeners in the fuel tank area are
designed primarily by fuel pressure from the AGW-Side Drift
Landing Condition. The side inertia factor has been reduced
from 1.434 AGW-(112-500# Bombs), Side Drift Landing for
the B-36A (Ref. FZS-36-141 P. 284) to 1.408 AGW (112-500#
Bombs) Side Drift Landing for the XB-36 (Ref. FZS-36-243 P.143).
The values of the stiffener stresses in Table II-XL, P. 11-191
(Ref. FZS-36-142) will be 1.437/1.408 or-2% conservative for
the XB-36. The minimum stiffener margin of safety for the
B-36A is +55%. Margins of safety for the XB-36 will exceed f
this value.
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Stiffener Analysis (Cont'd.)

Horizontal Stiffeners in Panel Adjacent
To Front. Spar

These stiffeners are loaded by the tension field
action of the bulkhead web and are critical for DGW-Jack-
ing. Margins of safety for B-36A stiffeners are conserva-
tively taken for XB-36 stiffeners by the same analogy made
for the bulkhead web analysis. (Ref. FZS-36-142, P. 11-180).
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ANALSIS.OF CHORD MEMBERS

Upper Chord Member

The maximum m6ment occurs at the R.S. in the
DGW-Flaps Down-Landing Gear Extended Condition.

The compressive load is:

Pc M + Stu Cot o + PA (Ref. AAF TR 4313m
h' 2 P. 257 EQ. 11-38)

Stu - S - ScR

Comparing loads for B-36A and XB-36 Airplanes:

B-36A XB-36
Ref. FZS-36-142
P. h-167

S- 5411# Sm 5647#

A -5333# PA x -5330#

The comparison Indicates very little increase -in
stress for the upper chord member. The margin of safety
for the B-36A upper chord is greater than 100%. The margin
of safety for the XB-36 upper chord can be taken as that
of the B-36A.

Lower Chord Member
Since the B-16A lower chord member has a high margin

of safety its margin of safety can be said to apply to the
XB-36.
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SING BULKHEAD #2

DISCUSS ION

Wing Bulkhead #23 is located 766" from the center line
of the airplane. The bulkhead introduces airload, inertia
loads and engine mount fitting loads into the wing* it also
resists crushing loads and stabilizes the plate stringer cqm-
binations. The bulkhead is of combined web and truss type
construction, made entirely of aluminum alloys.

* Two conditions are critical for the bulkhead members.

1. Min. Flying Wt. U1-6,018#) LAA, Positive Unsymmetrical
Gust 1 5,000'

2. Minimum Flying Wt. (136,018#) ILAA, Negative Unsymmetrical
SGust C" 5,000'

All loads applied to the bulkhead other than air loads
are based on the factors produced by the unsymmetrical loading
condition, Ref. FZS-36-253, page 4. The air load is the same
as for t1e symmetrical gust condition since it is necessary

factors increased by the rolling moment.

The rear spar vertical is critical for the AGW (72-1 000#
Bomb) LAA G' 35,000' condition. The applied bulkhiead loads for
this condition are obtained as shown on page 270.
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fIN TRODUC TION

Wing bulkheads 5, 7 8 and 9 of the XB-•6 Air-
r lane equipped with the 'our wheel main landing gear
are almost all designed by loads obtained from the

Side Drift Landing or 2WL-IR-ND Landing Conditions.

* It is the purpose of this section of the report

XB-16 Airplane to those obtaineA for the B-!6A Air-

plane and by menans of' this comparison prove that
these bulkheads in the XB-36 Airplane are structurally

satisfactory.
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DETERM•.TATIO1N OF LOADS FOR

I&1DIDING GEAR BULYMADS •._'s Z_4AN_

A study of Report FZ/3-6-142B shows that the
critical conditionsfor the B-36A bulkheads 5, 7, 8,
and 9 are:

D9W 268,000# Side Drift Landing
D01W1 268,000# 2.IL-IR-ND
AGW 255,030# (62-1O00# Bombs) 2TIL-IR-ND

The same conditions are critical for the XB-36 four
wheel main landing gear airplane. The loads on the
landing gear bulkheads are due almost entirely to
the landing gear fitting loads; and the fitting loads
vary directly with the weight of the airplane at
landing.

CONDITION B-36A XB-36
DG, (No Bombs) 268,000# 255,272#

AGW (62-1000# Bombs) 255,030# 255,340#

Critical wing bulkhead loads in the landing gear region
of the XB-36 four wheel gear airplane due to DGVI condi-
tions will be generally 5% less than for the B-36A since
255272/268000 = .95 (approx.). Critical loads in this
region due to AGW condition will be slightly greater
than for the B-36A since 255340/255030 = 1.001.

Because of the similarity and relatively small
change in loads from the P-36A to the XB-36 four wheel
gear airplane a detail analysis is not necessary, instead
a comparative analysis based on the work shown in Report
FZS-36-142 and 142B is made for each bulkhead.

(jN-
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The DG1 - S.D.L. - 25% "V" into Wing Box condition
is critical for bulkhead 715. The loads for the XB-36
four wheel landing gear airnlane are approximately 5%
less than for the B-16A reference page 2.8'. This
bulkhead structure is identical for the.B-36A and the
XB-?6 Airrlanes; therefore, the margins of safety shown
for the ?-36A bulkhead, (ref. FZS-36-142B) will be in-
creased approximately 5% for bulkhead !"5 in the XB-36
Airplane.

The minimum margin of safety for bulkhead #5 of
the XB-36 four wheel landing gear airplane exists in
-59 web and is +5% based on the 0% margin of safety
shown in FZS-36-142B, page 1.

OITT-T'rT'•E 4P

The critical condition for bulkhead #7 is DCGW-
S.D.L. - 60% S.L. on forward wheels 25% "V" into Wing
Box. Since it has been showm that the bulkhead loads
vary directly as the landing weights of the B-36A and
the XR-36 Airplane, the loads on the XB-36 four wheel
landing gear bulkhead #7 will decrease by. the same
ratio or approximately 5% from those of the B-36A
shown in Report FZS-36-142B, page 19.

In the following table a comparison of the XB-36
and the T3-ý6A minimum margins of safety for pertinent
parts of the bulkhead #7 structure are shown.

0 6 t, I A-- 4.4-. r •.,74--9 -4. 4. .-0

IV-
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A.G.W. 2'VW-L-TRND condition is critical for bulk-
head #8. Since the difference in loads pf the XB-36
and the B-36A is so small the margins of safety for the
B-,6A shown in FZS-•6-142B page 24 will be used for the
XB-36 four wheel landing gear airplane.

BTULKHEAD #9
The critical condition for bulkhead #9 is DGV -

Side Drift Landing - 60% S.L. on Forward Wheels - 25 'iV
into Wing Box. Bulkhead loads will decrease about •%
when compared to those for the B-36A bulkhead Ref
FZS-.6-142B. The margins of safety for the XA-36 four
wheel landing gear airplane bulkhead will increase an
equal amount over those shown for the B-36A airplane
bulkhead in the above reference.

The following table shows the minimum margins of
safety for bulkhead #9 of the B-36A and the XB-36
equipped with the four wheel main landing gear.

PART DESCRIPTION B-36A XB-36

- 6 Web -. 004 +.046

-7 Web -. 018 +.012

-8 Web +*.003 +.051.

-9 Web -. 008 ÷.042

Inter Flan&VWeb of Lower Chord - +.005 +,05

Riveted Connections +.22 +.2

Chord Members +.16 +.21

Stiffeners -. 006 +04

* FZS-36-142 B, Page 31
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